Objective: Dog bite injuries are encountered frequently in emergency departments and can cause significant morbidity. The objective of this study was to explore the associations between the multiple variables at play during these occurrences (eg, the patient's age, the bite location, the bite severity, the dog's relationship with the patient, the breed of dog).
D
og bites are encountered frequently in medicine and can lead to significant morbidity in both children and adults. According to the Centers for Disease Control and Prevention, there are approximately 4.5 million dog bites per year in the United States. 1 Furthermore, in 2013 the American Society of Plastic Surgeons (ASPS) ranked dog bite repairs among the top five reconstructive procedures performed by plastic surgeons and, although ASPS statistics show a decrease in such reconstructive procedures, the staggering numbers of dog bites requiring reconstruction remain, with a reported 28,991 performed by plastic surgeons in 2016. 2 In addition, dog bite injuries in the United States have been reported to account for 0.3% to 1.1% of all emergency department (ED) visits, with a disproportionally high number of these bites occurring in children. 3 Although other institutions have previously collected data regarding dog biterelated ED visits, no detailed study has been conducted concerning pediatric and adult patients within our region.
The objective of this study was to collect and analyze dog bite data within the state of Arkansas, in the hope that those findings may be applicable broadly, providing clinicians everywhere greater insight into what often is a preventable cause of childhood morbidity. Arkansas Children's Hospital (ACH) and University of Arkansas for Medical Sciences (UAMS) are the only Level I trauma centers in Arkansas; thus, they uniquely encompass all Level I trauma cases that presented during approximately a 5-year period. Evaluation of their collected data provides an accurate understanding of the variety of dog bite injuries occurring within the state, as well as insight into the broader nature of dog bites occurring universally. To effectively present the data and better grasp their implications, the individual data for ACH and UAMS are presented, followed by a brief overview of the combined data. The data and the factors associated with bite severity and occurrence are analyzed in the Discussion.
Methods
With the aim of better understanding the scope of the dog bite problem within Arkansas and, by extension, rural states in general, a retrospective chart review was conducted with records from ACH and UAMS. After institutional review board approval at both institutions, 740 total records were collected for analysis (Fig. 1) .
At ACH a 5-year retrospective chart review of 574 children who presented to the ED was conducted. Inclusion criteria for the ACH study were all male and female patients younger than 18 years who presented with a dog bite between October 1, 2011 and October 1, 2016. Patients at ACH who were older than 18 years seen merely for suture removal or seen for bites from animals other than dogs were excluded from the study.
At UAMS, 166 total records were collected from a 6-year period (January 1, 2010-January 1, 2016). Of these, 31 patients' records were obtained from UAMS's trauma registry, whereas the other 131 records were collected of individuals with nontrauma bites presenting to the UAMS ED. The UAMS study included both male and female patients older than 18 years who presented with dog bite injuries. Patients at UAMS being seen for suture removal or for bites from animals other than dogs were excluded from the study.
Electronic medical records were accessed using Epic (Verona, WI) and MEDITECH (Westwood, MA) software. The patient data were extracted and incorporated into REDCap's project management system. Information obtained from each patient's chart included age, sex, date of incident, dates of service, type of intervention, location of incident, physical location of injury, breed of dog, and relation of the dog to the patient. After entering all of the data into a REDCap collection instrument, the completed datasets were exported into Microsoft Excel (Microsoft, Redmond, WA). Tables were created and analyzed to determine odds ratios (ORs) and confidence intervals (CIs). The OR, its standard error, and the 95% CI were calculated using MedCalc version 17.7.2 (MedCalc Software, Ostend, Belgium). Standard t tests were used in statistical comparison of means and proportions.
Results

ACH
The dataset that was collected from ACH was more complete than that which could be collected from UAMS, offering a more comprehensive and reliable depiction of the nature of dog bites within the state. At ACH specifically, 574 patients with an average age of 7.36 years were bitten across 42 identified counties within the state of Arkansas. These 574 patients broadly represent Arkansas children (ie, those younger than 18 years). Table 1 shows patient-and dog-related outcome variables for all patients seen at ACH and variables specific to those patients at ACH who required operative intervention. Family dogs, bites to the head and neck, and pit bull-associated injuries positively correlated with the need for operative intervention. Table 2 depicts the four different age groups of children treated for dog bites at ACH (as well as a column for patients at UAMS). ACH data suggested that younger children were susceptible to the most severe injury, with 3.92 years being the average age of a child requiring an operative intervention, compared with all studied patients at ACH, who had an average age of 7.36 years. Furthermore, patients younger than age 5 years were 8 times as likely to require an operative repair (OR 8.1, 95% CI 2.77-23.58, P < 0.0001). It is not surprising that the majority of patients come from Pulaski County, in which ACH is located, and its neighboring counties (Fig. 2) . Because ACH is the only Level I trauma center in Arkansas, however, patients from distant counties and from outside the state are still represented, and, unfortunately, often are characterized by relatively severe injuries. This increased morbidity can be illustrated when comparing patients from Pulaski County with patients from outside counties, where they were nearly 6 times as likely to require an operative intervention (OR 5.72, 95% CI 2.38-13.68, P = 0.00001).
UAMS
The 166 patients who received treatment at UAMS during a 6-year period are depicted in Table 2 . For many of these, factors such as the dog's breed, the relationship of the dog to the patient, and specifics of nonoperative treatments (eg, procedure notes) were unavailable; however, more complete records were available on 31 of the patients who were activated as trauma cases (Table 3) . Of the 13 trauma cases in which a breed was recorded, pit bulls were represented in 69% of cases (OR 5.09, 95% CI 0.96-26.78, P = 0.056) and no other breed accounted for more than a single attack (7.7%). Incomplete reporting (approximately one-third of trauma records did not identify a breed) and the likely reporting bias toward pit bulls should be considered in interpreting these data, however.
Collective Data
The average age across both institutions was 15.1 years, with 37.1% of all patients younger than 5 years. The youngest patient in our total dataset was 3 months old and the oldest was 89 years old. Overall, male patients were bitten slightly more frequently (51.6% of cases). In addition, male children were approximately 50% more likely to be bitten (patients at ACH) when compared with adults (patients at UAMS; OR 1.53, 95% CI 1.08-2.17, P = 0.0161). Conversely, adult female patients were approximately 50% more likely to be bitten compared with children (OR 1.53, 95% CI 1.08-2.17, P = 0.0161).
Discussion
Age and Severity
Arkansas' dog bite data seem mostly consistent with what has been reported at other institutions. Although there is a worldwide consensus in the literature that individuals younger than 18 years are the most susceptible to bite injury, one of the largest studies to date, which was based upon national ED statistics, found that boys from 5 to 9 years old were the most susceptible to bite injuries. 3 Recognizing that the severity of injuries varies disproportionally among age groups and that the Level I trauma institutions involved in our study tend to receive our state's most severe injuries, our study is more limited in its ability to draw conclusions about the total incidence of dog bites among any specific age group; any age group sustaining less severe injuries would be seen more often at regional hospitals and thus be underrepresented in our data. Our data, however, provide evidence that children and infants younger than 5 years are susceptible to the most severe trauma, a notion that is further supported by data collected from the Children's Hospital of Atlanta. 4 The frequency with which younger children were bitten on the head or neck may be one factor explaining the increased severity among younger children (Fig. 3) ; indeed, in our study, children younger than 5 years were >4 times as likely to be bitten on the head and neck (OR 4.30, 95% CI 3.00-6.16, P < 0.0001), whereas children older than 12 were >3 times as likely to be bitten on an extremity (OR 3.43, 95% CI 2.08-5.65, P < 0.0001). Furthermore, when comparing both institutions, patients at ACH were bitten on the head and neck significantly more often than were patients at UAMS (OR 2.86, 95% CI 1.62-5.04, P = 0.0003). Upper extremity wounds were more than twice as common in the patients at UAMS, however (OR 2.17, 95% CI 1.30-3.60, P = 0.0029). Moreover, when considering all of the patients, the difference between the mean ages of patients bitten on the head and neck and patients bitten on the extremities was 7.47 years, with a 95% CI of 5.26 to 9.67; P < 0.0001. It is reasonable to assume that this propensity for bites to the head and neck among young children is largely the result of their disproportionally large head size and their age-specific behaviors (ie, young children kiss and nuzzle, whereas older children feed, wash, pet, or play catch with dogs). 5, 6 Two of the German shepherd bites in this category represent police dog bites; however, German shepherds remain the second most common breed in the >12 y category even when corrected for this fact. 
Family Dogs
Consistent with previous findings, Arkansas data further suggest that younger children and infants are more frequently bitten by family dogs; those younger than 5 years were 3 times as likely to be bitten by a family dog (OR 2.97, 95% CI 2.10-4.20, P < 0.0001). This increased proportion of children and infants being bitten by family pets is a well-identified phenomenon recorded in multiple previous dog bite studies, [7] [8] [9] and, regrettably, appears to be partially the result of a highly modifiable factor: parental attentiveness. Moreover, one study revealed that in 87% of severe dog bites, an able-bodied person was absent from the scene and unable to intervene during the attack. 10 
Pit Bulls
Pit bulls previously have been highlighted in data collected from children's hospitals in Atlanta, Indianapolis, Philadelphia, Pittsburgh, and Cape Town, South Africa 7,9,11-13 and in data collected from adult populations with biting more frequently and more destructively. 4, 8 Because <30% of cases reported a breed when looking across both institutions in our study, any conclusions linking dog breed with bite incidence, severity, or both must be drawn cautiously. When looking at individual institutions such as ACH or UAMS, the accurate measurement of incidence specifically proves problematic: If pit bulls are capable of inflicting more severe injuries, then they will be excessively represented at centers offering definitive care for more severe injuries. With regard to severity, however, it is reasonable to assume that any large breed with powerful jaws would be capable of inflicting severe injuries. Indeed, when looking at cases that required operative interventions, pit bulls were disproportionately represented in 62.5% of cases (OR 3.71, 95% CI 1.54-8.91, P = 0.0033).
Treatment
Patients taken into the operating room primarily underwent simple irrigation and closure, most commonly for head and neck lacerations. Of specific reconstructions, canalicular repairs were most frequent, representing a total of seven instances. Wounds involving the vermilion border also were commonly closed in the operating room or under conscious sedation, because irregularities in this area are highly conspicuous.
Receiving the most notable injuries in the adult population was a 75-year-old man whose significant extremity trauma inflicted during a pit bull attack resulted in 29 days in the hospital, a finger amputation, and an eventual above-the-knee amputation. Exclusive to the adult population were five instances of incision and drainage that took place in the operating room and were required for infection that developed after a forbearance of No other breed recorded (akita, black mouth cur, German shepherd, and terrier) accounted for more than a single attack. It should be noted that roughly one-third did not report the breed of dog involved. A 3-year-old girl experienced the most notable pediatric incident. Attacked by her family's pit bull, she required a stay of 22 days in the hospital for severe facial injuries. With severe trauma to her nasal cavity and scalp, as well as total loss of an oral commissure and canalicular damage, she received multiple reconstructive surgeries, including an anterior lateral thigh free-tissue transfer. Our only child younger than 1 year to receive operative intervention required repairs for a skull fracture and scalp lacerations after her family's pit bull attacked her. Skull or facial fractures were noted in three children, one of whom had a severe descalping injury resulting from an attack by multiple pit bulls, which required Integra matrix wound dressing (Integra, Plainsboro, NJ) placement and reconstruction involving tissue expansion.
Basics of Treatment
The basics of treatment initially should focus on Advanced Trauma Life Support (ATLS) principles. Assuming that the patient does not have airway or breathing concerns requiring immediate action, direct pressure may be used to stop the bleeding in most cases, whereas severe cases may require a tourniquet proximal to extensive extremity trauma. After initial stabilization and thorough assessment to exclude multisystem trauma requiring emergent action, a thorough irrigation and debridement often is justified. To facilitate this, local anesthetic may be injected before beginning treatment. Irrigation may include 1% povidone-iodine or 1% benzalkonium chloride and/or pressure irrigation with normal saline.
14 Proper debridement should remove all of the devitalized tissue. Although closure often is discouraged after dog bites because of infection risks, especially as seen within the primary care literature, 15 there are many factors (eg, coexisting medical conditions; characteristics of the injury, including its location, blood supply, age, and depth) that should be considered before deciding to leave a wound open. In this regard, primary closure is in general recommended in areas of cosmetic importance with the option to place a small drain or penrose drain.
In addition, the importance of medical treatment cannot be overstated. One study revealed that one-third of patients presenting to the ED with an infected dog bite would require admission. 16 Dog bites often are polymicrobial, aerobic and anaerobic, and commonly associated with Pasteurella multocida (~50%). 17 As far as medical treatments are concerned, rabies and tetanus vaccinations should be considered, and antibiotic prophylaxis is almost always recommended. In adults, first-line treatment includes amoxicillin/clavulanate, 875/125 mg every 12 hours; alternatives include clindamycin, 300 mg 3 times per day, plus ciprofloxacin, 500 mg 2 times per day, or doxycycline, 100 mg 2 times per day. In pregnant women allergic to penicillin, azithromycin, 250 to 500 mg/day, should be considered. In children, first-line treatment includes amoxicillin/clavulanate, 25 to 45 mg/kg every 12 hours; alternatives include clindamycin, 10 to 25 mg/kg every 6 to 8 hours plus trimethoprimsulfamethoxazole, 8 to 10 mg/kg every 12 hours. 14 In the case of an older wound that appears infected, it is advisable to obtain a Gram stain as well as aerobic and anaerobic cultures from the depth of an infected puncture/laceration to better target antibiotic therapy. Aerobic and anaerobic blood cultures certainly should be collected if a patient has signs of or is at risk for systemic infection, and if sepsis criteria are met, protocol (eg, administering broad-spectrum antibiotics, accessing lactate level) should be initiated immediately.
In our retrospective review, there was a possibility for reporting bias, and as previously mentioned, one could reasonably assume that the alleged ferociousness of pit bulls may have increased the frequency in both reporting and recording via the electronic medical record. It also should be noted that breed was identified and recorded in the electronic medical record in only 58.6% of ACH operating room cases, 41.9% of UAMS trauma cases, and 28.7% of cases overall, a limitation to our study. Furthermore, although some data are available regarding the proportions of various breeds throughout the United States, the breed census as they exist within Arkansas and Pulaski County are not known. Also, the relative frequency of pit bull bites recorded at ACH is likely elevated by the increased severity of such bites, considering that severe bites are more likely to be perceived as warranting an ED visit by dog owners and by the fact that Arkansas' most severe dog bites funnel into ACH and UAMS (our state's only Level I trauma centers).
In addition, although it would have been ideal to have collected the exact same years of data at both institutions, 6 years of data were collected at UAMS, whereas only 5 years of data were collected at ACH. It should be noted this difference had some effect on the recorded incidence and could have skewed the data.
Conclusions
Our study represents the first detailed study of dog bites conducted within Arkansas. Approximately 5 years of data were collected from our state's only Level I trauma centers: ACH and UAMS. Across both institutions, our study revealed that 36% of cases needed repair, yet only 6.7% required operative intervention. Lacking some concordance with much of the previous literature, our study supports the notion that younger children (younger than 5 years) are at greater risk for more severe injuries. Moreover, those younger than 5 years were >8 times as likely to require operative repair, >4 times as likely to be bitten on the head and neck, and >3 times as likely to be bitten by a family dog. In addition, our study revealed that male children are more likely to be bitten, which is consistent with the literature. Uniquely, however, our data suggested that adult females were more often seen for dog bites. Our study corroborates much of the previous literature, supporting the notion that pit bull bites are severe enough to require operative intervention more frequently than the bites of other dog breeds.
